INTRODUCTION
The variety and specificity of protein three-dimensional structures and biological functions are due to the combination of the 20 different amino acids as specified by the genetic code. The amino acids are the building blocks of proteins each having different characteristics in terms of the shape, the volume, and the chemical reactivity among others. A large body of experimental and theoretical research has been performed to characterize physicochemical and biochemical properties of individual amino acids. The derived property is often represented by a set of 20 numerical values that is called the amino acid index.
In addition to the properties of individual amino acids, the relations between amino acids are also represented by numerical values in the analysis of protein sequences and structures. Especially, the amino acid mutation matrix, also called the amino acid similarity matrix, is the basis for optimization in protein sequence alignments and similarity searches. The amino acid mutation matrix is generally a set of 20 × 20 numerical values, or a set of 210 numerical values since the matrix is usually symmetric. The AAindex database is a collection of published amino acid indices and mutation matrices.
BACKGROUND
In 1988 Nakai et al. collected 222 amino acid indices from research papers and investigated the relationships by the hierarchical cluster analysis (1). They identified four major classes, α-helix and turn propensities, β-strand propensity, hydrophobicity that can further be divided into subclasses, and other physicochemical properties such as bulkiness of amino acid residues. In 1996 Tomii and Kanehisa (2) increased the size of the collection to include 402 indices and re-performed the clustering. The result was generally in good agreement with the previous work, but for the sake of convenience the collection was divided into six major classes: α and turn propensities, β propensity, amino acid composition, hydrophobicity, physicochemical properties, and other properties.
Tomii and Kanehisa (2) also collected 42 amino acid mutation matrices from the literature and conducted extensive analysis on the correlations among them and with the amino acid indices. The AAindex database was initiated by Nakai et al. (1) , was expanded by Tomii and Kanehisa (2), and is continuously updated by the present authors.
THE CURRENT DATABASE
The AAindex database is a flat file database that consists of two sections: AAindex1 for the amino acid indices and AAindex2 for the amino acid mutation matrices. The format of the two sections is as follows.
AAindex1
The AAindex1 section currently contains 434 amino acid indices. A sample entry of AAindex1 is shown in Figure 1 . Each entry consists of an accession number, a short description on the index, the reference information, and the numerical values for the property of 20 amino acids. In addition, it contains neighbor information; namely, the cross-links to other entries with an absolute value for the correlation coefficient of 0.8 or larger. With the links the user can identify a set of entries describing similar properties. In some instances the values are not reported for all 20 amino acids. When available we adopt the estimates by Kidera et al. (4) who tried to fill missing values by statistical considerations. When the estimates were not available, the missing values were either replaced by the mean value of the rest or simply filled with zeros.
AAindex2
The AAindex2 section currently contains 66 amino acid mutation matrices: 47 symmetric matrices and 19 non-symmetric matrices. A sample entry of AAindex2 is shown in Figure 2 numerical values for a non-symmetric matrix (some matrices include a gap or distinguish two states of cysteine).
AVAILABILITY
The AAindex database can be retrieved through the DBGET/ LinkDB system (5) of the Japanese GenomeNet service (6) at http://www.genome.ad.jp/dbget/ The DBGET/LinkDB system integrates most of the major molecular biology databases and is especially suited for using hyperlinks to related entries within the AAindex database as well as to the other databases.
Alternatively, the entire database may be copied and used locally. The URL for anonymous FTP is: ftp://ftp.genome.ad.jp/ db/genomenet/aaindex/ Users are requested to cite this article when making use of the AAindex database.
